Background: Medicinal plants are powerful health promoting nutritional agents. Among the vast library of medicinal plants Tinospora cordifolia (Willd.) has been meagrely explored. It belongs to the family Menispermaceae and is a rich source of alkaloid and terpenes. It has hepatoprotective, antioxidant, immunostimulatory, hyperlipidemic, anticancer and antidiabetic properties. The stem contains berberine, palmatine, tembetarine, magnoflorine, tinosporin, tinocordifolin. The stem starch is highly nutritive and digestive. In modern medicine it is called the magical rejuvenating herb owing to its properties to cure many diseases. The stem contains higher alkaloid content than the leaves because of which it is approved for medicinal usage. With a host of phytochemical properties present in the stem, it may hold potential to manage dyslipidemia and dysglycemia, which otherwise has been proven only in pre-clinical studies.
INTRODUCTION:
Dyslipidemia in type 2 diabetics is the root cause of macrovascular complications namely, cardiovascular disease (CVD), cerebrovascular disease and peripheral vascular disease [1] . Although it is a modifiable risk factor for CVD [2] , it accounts for 70% of all deaths in this population [3] . Therefore, management of diabetic dyslipidemia warrants much attention. Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase) are used as the initial therapy [4] . However, even with statin therapy the risk of CVD lurks. The desired impact is often marred by the side effects of statins [5] . This is where phytomedicines score over the modern medicine as they are of natural origin, less side effects [6, 7] and better efficiency [7, 8] .
A medicinal plant with anti-diabetic and anti-dyslipidemic potential is Tinospora cordifolia (Willd.) Hook.f. & Thomson. It belongs to the family Menispermaceae [9] and is a rich source of alkaloid and terpenes [10] . In modern medicine it is called 'the magical rejuvenating herb' [11] . The stem is highly nutritive, digestive [12] and contains; berberine, palmatine, tembetarine, magnoflorine, tinosporin, tinocordifolin [13] . The stem owing to its higher alkaloid content is approved for medicinal usage [14] .
The stem extract has demonstrated antidyslipidemic activity in alloxan-induced diabetic rats [15] and streptozotocin-induced diabetic rats [16] , anti-diabetic activity in streptozotocin diabetic rats [17] , streptozotocin diabetic albino rats [18] . Another study on diabetes induced Wistar rats demonstrated that alcoholic stem extract of tinospora cordifolia has antidiabetic and antihyperlipidemic potential [19] . It has shown to be a better drug to regress diabeticdyslipidemia [15] and the extrapancreatic and intrapancreatic activities are postulated to impart the anti-diabetic effect [20] . With no studies available on humans after showing commendable impact on the glycemic and lipemic profile in animal models, the stem may hold potential to manage dyslipidemia and dysglycemia in type 2 diabetics. Hence, the study aimed to assess the impact of tinospora cordifolia stem supplementation on the glycemic and lipemic profile of subjects with diabetic dyslipidemia.
MATERIALS AND METHODS:
Type 2 diabetics with dyslipidemia on oral hypoglycemic agents (OHA) and statins were enrolled, those with secondary complications, gestational diabetes and type 1 diabetes were excluded. The participants were randomly allocated into two groups; intervention group (n=29) to receive 250mg of encapsulated mature stem of tinospora cordifolia pre meal twice a day along with prescribed OHA and statin and control group (n=30) only on OHAs and statin for a period of 60 days. Baseline data on medical history, family history of lifestyle diseases, duration of diabetes, drug profile was obtained with the help of a pre-tested questionnaire. Data on physical activity was obtained with the help of international physical activity questionnaire, short form [21] . Weight was measured to the nearest 0.1kg with the help of a research grade digital weighing scale. Height was measured to the nearest 0.1cm with the help of the fibre glass tape. Body mass index (BMI) was obtained by dividing weight in kilograms by the square of height in meters and assessed based on the Asia Pacific classification [22] . Waist circumference (WC) was measured at the level of the umbilicus and hip circumference (HC) was measured at the point of maximum protruding part of the buttocks with the help of a fibreglass tape. Blood pressure was recorded with a mercury sphygmomanometer. A 12 hours fasting blood sample was obtained for estimating high sensitivity C reactive protein (hs-CRP), hepatic, renal, lipid profile and glycated hemoglobin through standard laboratory procedures. Diabetic dyslipidemia was defined as the presence of one or more than one of the following lipid aberrations: total cholesterol (TC), triglycerides, low density lipoprotein cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C) [23] . Metabolic syndrome was defined as abdominal obesity plus two or more of the following risk factors: fasting glucose >100 mg/dl or previously diagnosed type 2 diabetes, blood pressure >130/85 mmHg, triglycerides >150 mg/dl or on specific treatment for the said condition, HDL-C <40 mg/dl in case of men and <50 mg/dl in case of women, WC ≥90 cm in men and ≥80 cm in women [24] . After 60 days all the parameters were re-assessed to analyse the impact of the intervention.
Supplementation dosage:
A dosage of 500 mg per day is considered to be safe for consumption [25] . 250 miligrams of mature stem extact of tinospora cordifolia was encapsulated in gelatine coated capsules. Very less information on toxicity is available [26] . From the nutrient drug interaction perspective, it has a potential basis for clinically desirable drug interactions [27] because of which it is considered desirable as a supportive drug for glycemic control, avert complications and alleviate side effects of synthetic drugs [20] . variables were presented as mean (student t test) ± standard deviation. Frequencies and percentages were used to derive the quantification of responses and subjected to Chi square test to determine an association between two independent nominal random variables. Results were considered to be statistically significant with a 2 tailed p value of <0.05*, P<0.01** and P<0.001***. To assess the impact of intervention, paired t-test was used.
RESULTS:
General Profile: The age, duration of diabetes and family history of non-communicable diseases was similar in both the arms. Majority were in the 50 to 60 years age bracket. Subjects had a similar drug profile as only those on OHAs and statins were enrolled. About 55.5% in the intervention arm and 43.3% controls had clinically confirmed hypertension. At pre and post intervention and between groups subjects had non-significant moderate physical activity profile.
Impact on Anthropometric and Blood Pressure Profile: Supplementation led to a significant decline in WC (94.7 to 94.2cm, P 0.004, 0.52%), HC (99.9 to 9.5cm, P 0.004, 0.4%), waist stature ratio (0.594 to 0.591, P 0.004, 0.5%) and systolic blood pressure (132.6 to 127.1mmHg, P 0.0017, 4.1%) vs. significant decline in HC (100.02 to 99.7cm, P 0.01, 0.31%) and systolic blood pressure (134.5 to 130.1mmHg, P 0.0013, 3.3%) in controls (table  1) . Subjects with a normal BMI increased (13.7% to 17.2%) and the prevalence of overweight (24.1% to 20.6%), elevated WC (86.2% to 82.7%) and elevated WSR (79.3% to 72.4%) declined in the experimental arm post intervention. Nutritional status remained unaltered in the controls.
Impact on biochemical profile: Supplementation led to a significant decline in uric acid from 5.2 to 4.6mg/dl (P 0.007), and was also found to be significantly lower than the controls (5.7 to 4.6 mg/dl, P 0.0018) (table 1). Hs-CRP declined significantly from 4.6-2.8mg/l (P 0.0007) and consequently did the prevalence of high risk CVD by 27.6% (P 0.03). Blood urea nitrogen and creatinine declined non-significantly and bilirubin total (P 0.021) and bilirubin indirect (P 0.047) increased significantly in the control arm. Alkaline phosphatase declined significantly in the experimental arm by 11.4% from 96.2U/L to 85.2 U/L (P 0.0013) and other liver enzymes (SGPT, SGOT, GGT) reduced non-significantly. HbA1c was similar at baseline in both the arms. A non-significant decline post intervention was more evident in the experimental arm (by 2.6%, from 7.7% to 7.5%, P 0.09) than the control arm (by 1.1%, from 7.9% to 7.81%, P 0.52). Average blood glucose (ABG) also declined in both the arms and reached a near significant decline (P 0.06) in the experimental arm. The prevalence of normoglycemia (HbA1c <6%) declined in the control arm (from 10% to 6.6%) and shot up in the experimental arm (from 6.8% to 10.3%). The prevalence of unsatisfactory glycemia (HbA1c >8%) declined in both the arms after the intervention with drop more evident in the control arm (from 46.6% to 36.6%) than the experimental arm (from 34.4% to 27.5%). Intervention led to significant reductions in TC (by 14.5%, 208.3 to 178mg/dl, P 0.0008), LDL-C (by 13.6%, 122.4 to 105.8mg/dl, P 0.0028), triglycerides (by 14.9%, 146.1 to 124.3mg/dl, P 0.036) and very low density lipoprotein cholesterol (VLDL-C) (by 18.3%, 28.9 to 23.6mg/dl, P 0.003). The controls also had a significant reduction in TC (by 6.8%, 188.2 to 175.4mg/dl, P 0.009), LDL-C (by 13.4%, 112.6 to 97.5mg/dl, P 0.0012), triglycerides (by 16%, 154.6 to 129.9mg/dl, P 0.0017) and VLDL-C (by 17.4%, 30.4 to 25.1mg/dl, P 0.010).
The average number of dyslipidemic features declined by 28.6% (P 0.0036) in the intervention arm and by 19.4% in controls (P 0.020).
Impact on Prevalence of Metabolic Syndrome:
The prevalence of metabolic syndrome decreased by 13.73% from 68.9% to 55.17% in the intervention arm as a result of decline in the number of features of metabolic syndrome (3.2 to 2.86, P 0.059) and reduced by only 6.7% from 56.7% to 50% among controls (table 1). 
DISCUSSION:
Though animal models have demonstrated anti-diabetic and anti-dyslipidemic potential of tinospora cordifolia stem extract, there are no human studies to corroborate the same. With the aim of studying the impact of tinospora cordifolia stem supplementation on dyslipidemia and dysglycemia, type 2 diabetics on OHAs and statin were enrolled from a diabetic clinic. They were randomly assigned into two groups, experimental arm (n=29) that received tinospora cordifolia stem capsules (250 mg twice daily pre meal) along with statin and OHAs and control arm received statin and OHAs for duration of 60 days. The supplementation demonstrated anti-inflammatory role of tinospora cordifolia stem as the hs-CRP and uric acid declined significantly and also significantly brought down the prevalence of high risk CVD. Anti-inflammatory activity is confirmed by the presence of cardiac glycosides. The alkaloids too are known to impart anti-inflammatory and anti-oxidant effect [28] .
Though statistically non-significant, drop in HbA1c and ABG was greater in the experimental arm. This explains the possible anti-diabetic function of tinospora cordifolia stem owing to the presence of alkaloids (Magnoflorine, Palmetine, Jatrorrhizine) [29] , tannins, cardiac glycosides, saponins, steroids and flavonoids [30] . Further evidence comes from a study wherein hexane, ethyl acetate and methanol Tinospora cordifolia stem extract at a dose of 250 mg/kg b.w. for a period of 100 days had an antidiabetic effect which reduced blood sugar level in streptozotocin induced diabetic rats. The supplementation also significantly reversed reduced glucokinase and increased glucose-6-phoaphatase activity and decreased the HbA1c [17] .
Streptozotocin diabetic albino rats benefited from different dosages (200 and 400 mg/kg b.w.) of Tinospora cordifolia (Willd.) stem extracts (both aqueous and alcoholic) as it had significant anti-diabetic activity in diabetic animals and had an efficacy of 40% to 80% compared to insulin. Because the extract did not cause any increase in serum insulin levels or regeneration of pancreatic β cells but caused increased hepatic glycogen synthase and decreased glycogen phosphorylase activity, it was postulated by the authors that tinospora cordifolia maybe acting as an anti-hyperglycemic drug through some peripheral mechanisms, such as increasing the glycogen storage in the liver or by decreasing the activity of glycogen phosphorylase, thereby retarding or preventing glucose release from the liver [18] . Another think tank is of the opinion that the biological anti-diabetic mechanism is by way of promotion of insulin secretion by inhibiting gluconeogenesis and glycogenolysis by the stem [29] . Its extra-pancreatic and intra-pancreatic activities have the positive effect on the glycemic status [20] .
Advantageously, tinospora cordifolia administration along with metformin has shown beneficial pharmacokinetic and pharmacodynamic interaction leading to enhancing antihyperglycemic and antihyperlipidemic activities [31] . Infact, berberine, the alkaloid present in the stem has shown to boost the effects of metformin and 2,4-thiazolidinedione [32] and is known to lower elevated blood glucose as effectively as metformin [33] . This could be one of the possible reasons why the intervention arm subjects had a more evident anti-diabetic profile than the controls, although a higher dosage or a longer duration of the trial could have brought about significant changes in the glycemic profile.
TC and VLDL-C reduced more prominently and the reduction in LDL-C was similar and in triglycerides was marginally lower in the intervention arm. The stem is also known to contain saponins which might have bound cholesterol in the present study [34] . Berberine by adenosine monophosphate-activated protein kinase activation is also known to decrease the cholesterol level [33] . In totality, the number of features of dyslipidemia reduced significantly with tinospora cordifolia supplementation. To support that, the stem extract has shown to normalize lipid metabolism alterations caused by diabetes mellitus in streptozotocin-induced diabetic rats [16] . The extracts may not have the similar mechanism of action by interfering HMG-CoA reductase and may be due to the interference of cholesterol with residues at the absorption site in gastrointestional tract since they were co-administered. There was a significant decrease in lipids and HDL-C remained unaffected in Sprague dawley rats that were induced with hyperlipidemia but were treated with methanolic extract of tinospora cordifolia stem at 400 mg kg-1 dose. The reduction was found to be significant when compared with atorvastatin, though of lesser intensity [35] .
The antidyslipidemic activity of tinospora cordifolia stem extract has also been demonstrated in alloxan-induced (150 mg/kg body wt.) diabetic rats who were (dyslipidemic) orally fed stem extract (500 mg/kg body weight) for 15 days that resulted in significant decrease in plasma glucose, HbA1c lipid peroxide, total lipid and FFA. The extract also had an anti-diabetic effect but it was lesser in intensity than glibenclamide. Antidyslipidemic activity of the stem may be partly due to presence of the alkaloids [15] .
Another study on diabetes induced Wistar rats demonstrated that alcoholic stem extract of tinospora cordifolia has antidiabetic and antihyperlipidemic potential [19] . Another evidence of antidyslipidemic activity of the tinospora cordifolia stem extract comes from a study on alloxan induced diabetic rats that were orally administered 500 mg/kg bw stem extract for 30 days. Blood glucose, plasma lipids reduced significantly and post heparin lipoprotein lipase activity was reactivated. Importantly, the extract inhibited the generation of super oxide anions and hydroxyl radicals, in both enzymic and non-enzymic systems in vitro [36] . The tinospora cordifolia stem also demonstrates free radical scavenging activity [37] because of which it has potential to be used in food systems as an antioxidant and in biological systems as a nutraceutical or a dietary supplement [38] . However, the antioxidant activity was not estimated in the present study.
Metabolic syndrome reduced more prominently in intervention arm than controls. This could have been possibly due to two reasons. One, anti-hypertensive role of tinospora cordifolia was evident as it brought down the systolic blood pressure more prominently than the controls, who had a similar anti-hypertensive drug profile. Secondly, elevated WC was the most common feature of the metabolic syndrome in the present study. However, the supplementation brought down the mean WC. These two factors in congregation reduced the prevalence of metabolic syndrome more prominently in the intervention arm than the controls. In totality, a reduction in the lipid profile together with reduction in the prevalence of metabolic syndrome signifies reduced risk of adverse cardiac events. Berberine has been documented to improve hepatic metabolism during IR and MS and by adenosine monophosphate-activated protein kinase activation maintains the blood pressure [33] .
To our knowledge, this is the first clinical trial to document the impact of tinospora cordifolia stem in the management of diabetic dyslipidemia and dysglycemia. The compliance in the study was assumed to be 100% as empty tablet containers were returned on completion of the study period. As no adverse effects were reported in the subjects, other than a single drop out, the dosage is being presumed to have been well within the tolerable limits. This is further corroborated as the surrogate laboratory safety biomarkers remained well within the normal limit. Having the benefit of being desirable as a supportive glycemic drug [18, 20] and known to boost the effect of OHAs [32] , tinospora cordifolia stem can be an adjunct therapy to deal with the dual problems of dyslipidemia and dysglycemia. However, the study had certain limitations to it. It had a relatively smaller sample size and was of shorter duration.
A dose of 500 mg tinospora cordifolia stem over a two months period brought about more evident changes in the lipoprotein fractions, HbA1c, inflammatory markers and metabolic syndrome. With no major or minor adverse events reported, it only sets ground for conduction of aggressive clinical trials to further validate the first set of findings on humans of the impact of tinospora cordifolia in the management of dyslipidemia and dysglycemia in patients with type 2 diabetes.
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